Assessing the vulnerability for some economic sectors of Binh Dinh province plays a very important role. The study has applied the vulnerability method according to Iyengar and Sudarshan to assess vulnerability for 03 different sectors: 1) Agriculture, forestry and fisheries; 2) Industry and construction and 3) Service. Calculation results of vulnerability classification for different sector groups according to the E, S, AC, and V i indicators are used to develop a hierarchy of vulnerability classification for different sector groups. The calculation results indicate that only Phu My district has a high vulnerability index for agriculture, forestry and fisheries with the value of V i = 0.6; For the service sector, only Quy Nhon City has a high vulnerability index with the value of V i = 0.63. The vulnerability index calculated for sector groups for the remaining regions is low to moderate. The result of the vulnerability classification maps due to sea level rise will help planners and managers make plans, plans and solutions to mitigate risks caused by natural disasters. 303
Introduction
There is a multitude of definitions and interpretations of the term vulnerability [1] . The only general consensus that seems to exist is that vulnerability is bound to a specific location and context [2] . The Intergovernmental Panel on Climate Change (IPCC) identifies three components of climate change vulnerability: exposure, sensitivity and adaptive capacity [3] . More specifically, climate vulnerability is defined by the IPCC as arising when some ecosystem service, such as How to cite this paper: Lien, M.K. (2019) Vulnerability Assessment of Climate Change on Sea Level Rise Impacts on Some Economic Sectors in Binh Dinh Province, cio-economic and biogeophysical sectors as the results of increasing flood frequency, inundation, coastal erosion, rising of water table, and saltwater intrusion [15] . The damages from those impacts can be categorized into direct and indirect [16] . The actual degree of damages from sea level rise to a specific coast depends on the adaptability of the affected socio-economic and ecological systems of that coast, as well as its potential for harm by a hazardous event [2] .
Vulnerability has been applied to a sector of interest, such as agriculture [17] [18] [19] [20] [21] . Climate change vulnerability assessments of ecosystems [22] [23] [24] [25] [26] have followed an outcome/endpoint interpretation of vulnerability [27] . Evaluating climate change vulnerability, we believe it is required to assess the sector of interest and the potential impacts at the national level, first.
The national level is suitable for generating and managing information, as it is used by governments to shape policy. After the national context has been analyzed, attention can be directed locally, mainly because the initial analysis identified the sub-national regions where the most vulnerable people are and the variables that drive their vulnerability. If the regions and socio-economic or environmental variables are identified first, they may serve as a starting point for understanding and addressing drivers of local vulnerability [28] [29] [30] . To assess vulnerability to climate change of different districts of study areas, Iyengar and Sudarshan (1982) [31] methodology was employed for the development of Composite Index of Vulnerability to Climate Change from multivariate data and it was used to rank the districts in terms of their economic performance [32] [33] [34] [35] . The objectives of the paper are to: 1) Apply the vulnerability method by Iyengar and Sudarshan to assess vulnerability for three economic sector groups; 2) Establish the vulnerability maps caused by sea level rise for three economic sector groups; 3) Evaluate the vulnerability areas for each sector.
Materials and Methods

Description of Study Site
Binh Dinh is a coastal province in Central Vietnam. The territory of the prov-ince stretches 110 km in the North-South direction, the natural area: 6,025 km 2 , the territorial area: 36,000 km 2 . It is bordered on the north by Quang Ngai Province, on the south by Phu Yen Province, on the west by Gia Lai Province, on the east by the East Sea with a coastline of 134 km long, the easternmost point is Nhon Chau commune (Cu Lao Xanh) in Qui Nhon City (Figure 1 ). Binh Dinh is assessed as having a strategic position of great importance in socio-economic development of the central key economic region, considered one of the gateway to the sea of the Central Highlands and southern provinces. Laos, northeastern Cambodia. Binh Dinh has a lot of rivers, rivers are not big, high, short, low sediment. There are four big rivers: Lai Giang, Kon, La Tinh and Ha Thanh. 
Data Collection
Data used in this study as follows disaster data such as number of landfall storms, number of floods, duration of droughts collected from Viet Nam Insti- (Tables 3-5 ).
In addition, in this study, interviews with officials and people were conducted, in particular: 20 interviewed officials were distributed equally to districts and sectors with work related to climate change; 50 votes were interviewed in districts across the province (Tables 3-5 ).
Vulnerability Assessment Methods
Previously, the definition of IPCC refers to vulnerability as a function of vulnerability exposure, sensitivity and adaptive capacity [36] [37] . This definition is used in documents in Vietnam, in which many authors identify vulnerability as a function of exposure levels to hazards, sensitivity and adaptive capacity basis for analysis.
However, in this article, the social context is clearly emphasized and vulnerability is determined independently of natural phenomena. Vulnerability assessment focuses on human capacity to resist and promptly recover damages and losses, so socio-economic factors are reviewed and analyzed [38] [39] . The study was conducted based on the index method and the concept of vulnerability by IPCC (2007) [37] including 3 factors: exposure (E), sensitivity (S) and adaptative capacity (AC), specifically as follows:
where V is the vulnerability index; E is the exposure indicator; S is sensitive indicators; AC are adaptive capacity indicators.
Besides selecting the vulnerability assessment method, the selection of directives is also important, determining the rationality, efficiency and accuracy of American Journal of Climate Change vulnerability assessment. Based on the availability of data sources, relevance to local conditions and circumstances as well as following the socio-economic development strategies of the study area to select the indicator set. The directives are based on domestic and foreign inheritance, combined with direct interview and expert consultation.
Method to Select x
The index method is widely applied, popular in studies of vulnerability assessment. The indicators are selected in a variety of natural, economic and social aspects to fully reflect the factors to ensure comprehensive and reliable evaluation results, specifically steps define the indicators ( Figure 2 ).
Analysis and Assessment of Vulnerability Levels
The first is to select the study area of different regions. In each region, a set of indicators is selected for each component of the vulnerability capacity. Indicators are selected based on data availability, personal assessment or previous research. Since vulnerability changes over time, it should be noted that all directives need to be related to the selected year. If vulnerability needs to be assessed over the years, it is necessary to collect data on indicators in each region in each
year.
Data Arrangement
For each component of vulnerability, the collected data are then arranged in the form of a rectangular matrix with rows representing regions and columns representing indicators. Let there be M regions/districts and let us say we have collected K indicators. Let X ij be the value of the indicator j corresponding to region i. Then the table will have M rows and K columns as shown in Table 1 .
It should be noted that this type of arrangement of data is usually done in statistical analysis of survey data.
Normalisation of Indicators Using Functional Relationship
Obviously the indicators will be in different units and scales. The methodology used in UNDP's Human Development Index (HDI) [40] is followed to normalize them. That is, in order to obtain figures which are free from the units and also to standardize their values, first they are normalized so that they all lie between 0 and 1. Before doing this, it is important to identify the functional relationship between the indicators and vulnerability. Two types of functional relationship are possible: vulnerability increases with increase (decrease) in the value of the indicator. Assume that higher the value of the indicator more is the vulnerability. The variables have ↑ functional relationship with vulnerability and the normalization is done using the formula as
It is clear that all these scores will lie between 0 and 1. Value 1 will correspond to that region with maximum value and 0 will correspond to the region with minimum value.
On the other hand, consider adult literacy rate. A high value of this variable implies more literates in the region and so they will have more awareness to cope with climate change. The vulnerability will be lower and adult literacy rate has ↓ functional relationship with vulnerability. For this case the normalized score is computed using the formula Table 1 . Arrangement data of regional indicators.
Region/District Indicator
It can be easily checked that x ij + y ij = 1 so that y ij can be calculated as y ij = 1x ij . While constructing the vulnerability index, sufficient care must be applied to take into account the direction of functional relationship of each variable to vulnerability. After computing the normalized scores, the index is constructed by giving either equal weights to all indicators/components or unequal weights. Iyengar and Sudarshan (1982) [31] developed a method to work-out a composite index from multivariate data and it was used to rank the districts in terms of their economic performance. This methodology is statistically sound and well suited for the development of composite index of vulnerability to climate change also. A brief discussion of the methodology is given below.
Iyengar and Sudarshan's Method
It is assumed that there are M regions/districts, K indicators of vulnerability and x ij , i 1, 2, ···, M; j 1, 2, ···, K are the normalized scores. The level or stage of development of ith zone, y i , is assumed to be a linear sum of x ij as 
where c is a normalizing constant such that ( )
After calculating the values of the three main components E i , S i , AC i , calculating the weight for each component according to Equation (5), w E , w S , w AC are the weights of the active components such as sensitivity and adaptative capacity.
The vulnerability index for each district corresponding to each component is calculated by the equation as
where V i is the vulnerability index calculated for the region i.
To decentralize the vulnerability of the regions, it is necessary to determine the probability distribution of V i . Iyengar and Sudarshan (1982) in the interval (0, 1) as followed by Iyengar and Sudarshan (1982) has been applied. This distribution has the probability density given by
The two parameters a and b of the distribution can be estimated either by using the method described in Iyengar and Sudharshan (1982) or by using software packages. The Beta distribution is skewed ( Figure 3 ). Let (0, z 1 ), (z 1 , z 2 ), (z 2 , z 3 ), (z 3 , z 4 ) and (z 4 , 1) be the linear intervals such that each interval has the same probability weight of 20 percent [31] [32] . These fractile intervals can be used to characterize the various stages of vulnerability.
However, it is not necessary to decentralize V i index by Beta distribution function, but can be approximated by many calculated distribution functions such as Kritxki-Menkel, Gamma function, or according to average line moving through the experience frequency points. The study has used a classification of vulnerability method as following uniform distribution function ( Table 2 ). 
Results and Discussion
The Identification of Vulnerability Indexes for Key Sectors
In Vietnam, economic sectors are divided into three groups including agriculture, forestry and fisheries, industry and construction, and service. These are groups of industries to make up Vietnam's economic system. In the paper, the popular distribution is used to develop a set of vulnerability indexes for each in- Table   3 .
For industry and construction, the indexes applied to assess vulnerability due to climate change as shown in Table 4 .
For the service sector, the indexes applied to assess vulnerability due to climate change are shown in Table 5 .
Impact of Inundation by Sea Level Rise to Economic Sectors
Based on climate change and sea level rise scenario announced by the Ministry of Natural Resources and Environment in 2016 [41] , this study uses ArcGIS 10.1 American Journal of Climate Change to overlap the land use map to identify areas of land that are likely to be affected by flooding due to sea level rise with the base level is increased by 50 cm.
The results for the scenario of sea level rise of 50 cm show that the area of agricultural, forestry and fishery land are obviously affected (Figure 4 ). 
Results of Vulnerability Indexes for Sectors
Regarding the calculation of vulnerability indexes of Binh Dinh's economic sectors, the information after being aggregated and listed correspondingly to the Table 7) .
The district has a high vulnerability index is Phu My district, this is a coastal plain district of the province. The economic sector of the district is agriculture.
Cultivation is the main economic sector with crops are mainly rice and crops, agricultural crops are mainly short-term crops. According to statistics in 2016, the locality has the largest area of agriculture and fisheries in the province with an area of 23,064 ha of agriculture and 1142 ha of aquatic products. However, with the climate and topography of the locality, the district has been suffering from many types of natural disasters such as storms, floods and droughts. In Phu My district, the area which lacks of rural water is the largest with 1145 ha, adversely affecting the production ( Figure 5) .
The average vulnerability index shows that the local areas are still vulnerable to climate change impacts. The study area in the central region of Vietnam, with the characteristics is heat wave, with west wind in the dry season, high temperature makes evaporation lasting, and the terrain is also steep, and the river basins are too short so the rivers are unable to store of water in the rainy season, which causes drought. In arid areas, the annual rainfall averages only 500 -700 mm, hot weather creates a semi-desert land that is difficult to develop production. In addition, the area suffers from annual natural disasters such as storms and floods. The average number of storms hitting Binh Dinh Province is 0.51 times, with 3 floods per year.
2) Vulnerability indexes to industry and construction
Besides the constant development of industry and construction, many local areas also face many difficulties due to climate change and sea level rise. The economy of these areas is mainly agricultural and forestry production. year. Under the 2016 sea level rise scenario, when the sea level rises to 100 cm, the area of flooded service sector is 157.24 ha. In which the area with the largest flooded area is Hoa Nhon district with 24.3 ha ( Table 9 ).
The vulnerable index is high level in one district while the remaining 10 districts have a average vulnerability index. In which, the area with high index is
Quy Nhon city (Figure 7) . The result is also consistent with the fact that it is an economic center but it is located in the coastal area often affected by natural disasters and directly affected by climate change and sea level rise.
Conclusions
Based on a combination of different studies on vulnerability assessment and data availability, this study has developed a set of indexes for vulnerability assessment for a number of economic sectors in Binh Dinh Province with 36 indexes of level 1 and 60 indexes of level 2. Indexes are selected with criteria related to assessing vulnerability to economic sectors. Assessing vulnerability in the paper is based on three major assessments including exposure, sensitivity and adaptability. The indexes for each of these factors are aggregated based on Iyengar-Sudarshan analysis. On that basis, these three factors are aggregated to determine the vulnerability of industries. Vulnerability is high for the industry and construction group in Phu My district, the service sector in Quy Nhon City, which are also two key economic areas in the province.
Research results are an important scientific basis for the local to develop policies and plans to respond to climate change for each industry group. In particular, for high-risk areas, there should be more proactive economic restructuring policies. The results of this study are studied at the district level, along with some information limitations, so it is necessary to have more detailed survey data to further clarify the vulnerability problems for economic groups in Binh Dinh Province. Particularly, research is needed for a few typical commune levels in highly vulnerable districts to implement pilot models before replicating models for the whole province.
